SUMMARY The inter-and intraobserver reproducibilities of the histopathological systems of breast cancer classification suggested by the World Health Organisation (WHO), the Armed Forces Institute of Pathology (AFIP) and Ackerman have been analysed. The reproducibilities of the three classification systems were only "fair" to "moderate" and no correlation with the five-year recurrence rate was found. Our results indicate that these classification systems are without biological significance and are useless for prognosis in the individual patient.
The various systems for histopathological classification of breast cancers in use at present are descriptive, based on histological or cytological appearance, or both, of the tumours. While it has been claimed that tumour histology is of significance in some cases, in that some histological types behave less aggressively than others,' 2 the usefulness of the different classification systems in evaluating individual patient prognosis and in selecting treatment has been questioned. 3 This report, part of an extensive study of the morphological and epidemiological characteristics of breast carcinoma, analyses the reproducibility and biological significance of three well known systems of breast cancer classification-namely those of the WHO,4 the AFIP5 and Ackerman.6 We have used Stewart's original classification (AFIP) and not the somewhat modified classification proposed later by McDivitt, Stewart and Berg.' After this study had begun, yet another classification system was suggested.8 However, since the separate components forming the basis of the histopathological classification systems were analysed with respect to inter-and intraobserver reproducibility, we do not think that a separate analysis of these two later modifications would have influenced our conclusions.
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MATERIAL
Material was collected from 175 of 181 consecutively diagnosed breast cancer cases in four Swedish counties during the five-month observation period. Four of the cases were inoperable at diagnosis, and two patients refused treatment.
The cancers were unilateral and none had been given preoperative radiotherapy. The methods of operation varied. Either a simple mastectomy, radical mastectomy or mastectomy with exploration or exaeresis of the axilla was performed. After the operation for mammary carcinoma the patients were regularly checked at their local hospitals. Information concerning the occurrence of metastases or death was obtained from hospital records. The patients were followed up for five years.
TYPES OF SPECIMENS
Material for histopathological examination was obtained from all the patients subjected to surgical intervention-that is, exploratory biopsy or mastectomy. On removal all specimens were marked by the surgeon at the 12 o'clock position. Immediately after removal, the tumour was cut through and the two longest, perpendicular diameters were measured.
immediate surroundings was cut through its largest diameter and fixed in Carnoy's solution for 24 h. The rest of the specimen was fixed in 4% formaldehyde and sent to Uppsala, where all further processing of the material was performed.
The histopathological examination was performed by two of us (BS, SWN) according to a predesigned schedule and the data recorded for computer analysis. The observations were performed independently-twice-with an interval of 4-6 months-by each pathologist, in order to determine the degree of intra-and interobserver reproducibility. All histopathological studies were completed without prior knowledge of the clinical course and diagnosis.
Macroscopic tumour characteristics were noted, such as the weight of specimen, localisation of the tumour, distance between the centre of the tumour and the nipple, and involvement of the deep resection margin. The appearance and number of axillary lymph nodes was recorded.
Blocks for embedding in paraffin were taken from the tumour, the skin overlying the tumour, the deep line of excision, the nipple, the lymph nodes, one central and two peripheral parts of each of the four quadrants of the breast.
Sections (4 am) were cut from the material fixed in formalin and Carnoy's solution. Haematoxylin and eosin and van Gieson's stain were used routinely. The following special stains were applied to the specimens fixed in Carnoy's solution and to lymph nodes with metastases: PAS stain with and without antecedent diastase digestion for the demonstration of glycogen and mucin, an elasticfibre stain with orcein-iron haematoxylin according to Voerhoff, a connective-tissue stain according to Azan-Heidenhain, and methyl green-pyronine. This last stain was found to be valuable in identifying mast cells as well as plasma cells. The presence of keratin and mucus were also estimated in slides after staining with alcian green. The microscopic investigation was based on at least eight slides from each primary tumour or lymph node with metastatic growth of cancer.
Principles of tumour dassification
The principles of classification in the three systems are similar in many respects. Tumours were classified according to the following scheme: Common to all three systems are such concepts as "non-invasive", "mucinous" and "medullary car- cinoma." In the classification systems of WHO and AFIP the concept "papillary carcinoma" is also used, whereas in Ackerman's classification system this concept seems to have its place in group 11:3 ("well differentiated adenocarcinomas").
LOBULAR CARCINOMA This is a specific entity in the WHO and the AFIP classification systems. The concept of lobular carcinoma is not explicitly included as a particular category of Ackerman's system.
OTHER (RARE) TUMOURS
The WHO and AFIP systems make room for all kinds of rare tumours, such as carcinosarcomas, acinic-cell, adenoid-cystic, epidermoid, spindle-cell, sweat-gland carcinomas, etc, whereas Ackerman's system does not seem to include such rare entities. Nor does Ackerman include such tumours as haemangiosarcomas, fibrosarcomas and lymphoma. None of the systems treat tubular carcinoma9 as a separate entity.
INFILTRATING CARCINOMA
When the above mentioned tumours have been identified microscopically, all three systems include a broad variety of infiltrating carcinomas. In the WHO system, this class is referred to as "infiltrating carcinoma (class II)", whereas the AFIP system calls this group "carcinoma with fibrosis." Ackerman includes these carcinomas in his group "adenocarcinoma" (III: 1) or "intraductal carcinoma with stromal invasion" (111:2).
HIGHLY METASTASISING CARCINOMA
As a subgroup of the infiltrating carcinomas, Ackerman introduced an additional group entitled "highly metastasising carcinomas." This is based on the classification of Hultbom and Tmrnberg,'0 which is, in its turn, a modication of Stewart's (AFIP) classification. Essentially, this group includes tumours with low degrees of differentiation or a diffuse invasion of the fat surrounding the tumour and an absence or scarce representation of lymphocytic response or vascular invasion of tumour cells.
Differentiation of breast carcinoma
In addition to the WHO, AFIP and Ackerman classification systems, we have introduced into this study the degree of differentiation as a separate entity. We scored carcinomas as having high, medium or low degrees of differentiation if the tumour was classified as invasive and operable. That is, non-invasive or non-epithelial or non-operable tumours were not so scored.
Differentiation was chosen as a more general concept than "tubule formation" of the WHO gradation system, since "tubule formation" is only one expres-sion of differentiation. Other Since b, has occurred among the "winning" scores four times (specimens 1, 2, 3, and 4), a, three times (specimens 1, 2 and 3), a2 once (specimen 2) and b2 once (specimen 4), specimen 6 was scored as class 4-that is, the reading number 1 of pathologist b, since that reading most frequently belonged to the "majority opinion" in the classification of specimens 1-4. In instances in which no "winning" reading was recorded, we classified the tumour by randomisation.
The classification procedure had a somewhat peculiar effect in a few instances in that a tumour could be classified differently by each system despite the fact that both systems used the same conceptthat is, a tumour was classed as a "mucinous carcinoma" in one classification system and as an unspecified "infiltrating carcinoma" in another.
The procedure described above was followed for all the histopathological variables, in order to determine a final score for each variable after the reproducibility analysis.
The degree of differentiation was also subjected to reproducibility analysis and final scoring in the same way as the classification of the breast cancers. The same procedure was also employed for the WHO grading system. Landis and Koch.'5 Table 3 illustrates the inter-and intraobserver reproducibilities of the concepts of high, medium and low degrees of differentiation. This reproducibility is significant but is as low as the reproducibility of the tumour-classification systems. Analogous results were also obtained in the reproducibility analysis of the grading system of WHO. See also Stenkvist et al. '2 Tables 4 and 5 illustrate the lack of correlation between the classification systems of WHO and AFIP and the five-year postmastectomy recurrence rate. In this correlation patients dying of causes other than breast cancer during the follow-up period Tschuprow's coefficient = 0-02 with 0-26 associated probability-that is, no correlation between cancer class and recurrence. Others 6 0
Results
Tschuprow's coefficient = 0-02 with an associated probability of 065-that is, no correlation between cancer class and recurrence rate within five years. Others 6 0 Tschuprow's coefficient 0-01 with an associated probability of 090-that is, no correlation between cancer class and recurrence rate within 5-years postmastectomy.
were excluded. As a consequence, these tests could be performed on 153 of the patients. Tables 4 and 5 also show that in the classification systems suggested by WHO and AFIP the overwhelming majority of tumours are referred to a single class, leaving only a few breast cancers in the other classes of these comprehensive classification schemes. Similarly, Ackerman' s classification correlated well with the WHO gradation system (25.5 in Kruskal-Wallis test with an associated probability of 0-001). Gradation, which subdivides cancer into three groups according to differentiation and aneuploidy, was correlated with recurrence rate such that many points meant a high recurrence rate. The probability of this being a random occurrence was 0-07 in Mann-Whitney's U test. Note that differentiation and gradation do not describe the same biological phenomena.t2
Discussion
The difficulties in obtaining reproducible, histopathological classifications are well known. The definition of accuracy of diagnosis, the decision rules, the consistency with which these rules are applied and the factors affecting the consistency have recently been discussed by Langley. '7 The difficulties in arranging quality control procedures in histopathology and cytology are also considered in Langley's study. No reproducibility analysis or analysis of biological significance has been performed previously for any of the classifications examined here. Excellent reviews of the literature in the field have been given by Schi0dt and Fisher38 and by Linell et al.'8 Our results do not agree with those of Fisher et al, who reported that different intra-and interobserver opinions about diagnoses of the histological type of the tumour occurred in only 3 % of 1000 cases in a classification system containing 40 different classes of tumours. These results are better than those reported in our study.
One explanation of our low reproducibility and our difficulty in maintaining the criteria described for different tumour classes may be that we are not sufficiently skilled at classifying breast cancer. However, we believe our results are of average quality as the percent distribution among different tumour classes are in accordance with other studies. '8 In addition, the tumours were diagnosed as a part of a scientific project, and the use of special stains, the definition of the different parameters and the characteristics of the various tumours and systems were all thoroughly discussed before the registration forms were designed. Furthermore, the tumours were reviewed within a short time, a factor that should also contribute to a uniform judgement of the material. Mistakes in notation on the data sheets and errors in transferring the data to the computer were minimised by using built-in controls and by transferring everything twice. Also, a classification system that cannot be applied by anyone but a few highly skilled pathologists is in itself of limited value.
None of the classification systems examined here was found to be correlated with the five-year recurrence rate. The low reproducibility and lack of biological significance, as expressed by the five-year recurrence rate means that they are useless in a clinical situation.
The only tumour class that seemed to have prognostic implications was Ackerman's If a system is to be useful in individual prognosis at the time of diagnosis, it must also take into account factors other than the tumour's intrinsic properties-for example, axillary involvement, and tumour size. We have recently described how a combination of factors, all of which are independently important for prognosis, can be combined by step-wise, logistic regression analysis to predict correctly recurrent disease in at least 90% of breast cancer patients on an individual basis. '9 We think that future efforts should be directed towards development of objective measurements of relevant variables in clinical oncology in order to determine prognostic features for clinical use. The prerequisite methods for this are available today.
